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INTRODUCTION

Reproducibility, usability, and extendibility of multiscale
mathematicalmodels are limited by transparencyof the
model structure, level of documentation, and
dependenciesacrossmodel components Codinga model
from scratchis often more time efficient than addingnew
biology to a pre-existing implementation High turnover
rate of personnelin academiclabs and the collaborative
nature of sciencenecessitatea solutionif modelsareto be
reused and added to. Here we present that solution
applied to an agentbased model of the innate iImmune
responseto a fungal infection of the lung, specifically
Invasiveaspergillosis

Figurel. InvasiveAspergillosis Pulmonaryinvasiveaspergillosi®ccurs
when inhaled Aspergillusumigatus sporesestablisha foothold in the

lungs Theo 2 R ditiakdefenseconsistsof the alveolarepithelial cells
andthe innate iImmunesystem Multiscalemodelingof this diseasewill

help determine featuresthat cangive the host an advantagein killing
the fungus Adaptedfrom [1].

MODULAR PRINCIPLE

1. Separatemodel dynamic processesfrom
eachother into seltcontainedmodules

2. Allow process communication through a
global shared state variable, not directly
processo process

Newsoftwaredesigncomponents
1. GlobalSharedStatevariable

A Contains only simulation data and
parameters

2. Modules

A Contain a submodel of one dynamic
procesausedto updatethe globalstate

state. grid monocyte alveolar_geometry etc.

Module 2:

,’ _____________ I\Zo_lezu_le_sc_aﬁ _____________ \\ ,’ B _O_rg_arT sT:a_Ie_ B \\
| | | |
1 I N O I 14 Y ,
l Module 5: Module 6: Module 7: : | Module 4: l B gl 2
: Iron IL-6 Hepcidin I : Liver : , (t I\/Io:ocztz T)
(time step=AT.) (time step = AT,) (time step=AT,) ' (timestep=AT,) | ! imestep=2a 1,
- > AN ) Y
T, . e I —— E
1
Module 8: E ModuleState Definition
Visualization !
Simulation Clock ( T) E
A /" Cellscale " E
. | 1 I
Global Shared State (Memory): 14 Y I ModuleModel Definition
alveolar geometry l Module 1: l !
model data, parameters, etc. < i|> A. fumigatus : :
1
1| (timestep=AT,) |, ! Initialize ( T, )
I\ Y :
| | !
| | !
| |
|

~—
-
-
-
-
-
- -
-
-
-
-
-
-
~ -
-
-
-
-
-
-
-
-
-
-
-
-

< Y 4
state.monocyte parameters r/[/cell_}_,_‘c‘ell_z .. cell_max]| etc. I . Monocyte :\ Advance ( A Tz )
iI| (timestep=AT,) | \
| | \
\
| | \I
state.monocyte.cells age ()\(, Y, Z) boolean_network iron : 4 Module 3: A : i
. |
l < + Neutrophil : \
timestep=AT,:) |i
state.monocyte.cells[0].x 10.5 I ( 3
N\ 57
N\ 7’

‘________

Figure2. Modular Principle A. Weimplementsimulationdata (GlobalSharedState)asblocksof memoryo @ &1 ghares Figure4. Versatile Simulation SpaceGeometry. There
amongstmodules Agentdata and model parameters(monocytedata) are appendedto thismemoryd d . 2 f 8 O.& i S ds o direct dependenceof the moduleson the data
B. An implemented WY 2 R dohs&Qof two parts, a state definition (ModuleStat¢ and the sub-model definition their submodelsuse, includingthe alveolargeometry
(ModuleModel) Within the state definition is the template for memoryallocationfor data appendedto the stateasin A, A_Sa result, manygeometriescan be createdandtested
iIndependentof the values Themoduleinitializesthesedatabasedon a flexible userconfiguration,and altersthe data at without alteringanyof the modules

eachtime stepaccordingo its sub-model
DISCUSSION

Major advantage®f the modularimplementation
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Figure3. Addinga Module. Theaddition of biologycorrespondgo addition or alterationof a module Toadda module,a
developermust simplyfollow the componentsmarkedin red to 1) codetheir new biologicalmodel (e.g. a new cell that
producesa toxin to the fungusat cell _Nlocation) 2) define new state data related to the new cell and 3) update any FUNDING

modulesto reflectthe newbiology(e.g. A. fumigatusreadsdatato detecttoxin andlower health). 1 NIBIB LTUO1EB024501
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